SUMMARY Persistent regular oscillations of the pupil of the eye can be induced using a slit-lamp. The period of these oscillations, pupil cycle time (PCT), is simple to measure with a hand-held stopwatch. Evidence from pharmacological testing suggests that PCT is a sensitive measure of dysfunction of the parasympathetic efferent limb of the pupillary light reflex arc. This is confirmed by the finding that PCT is prolonged in a high proportion of patients with evidence of autonomic neuropathy judged by abnormalities of their cardiovascular reflexes. The method provides a simple, non-invasive way of quantifying an autonomic reflex and it may be of value in investigating patients with diseases affecting the autonomic nervous system.
Almost every organ system of the body possesses an autonomic innervation and the contribution of autonomic dysfunction to the symptomatology of many diseases is being increasingly recognised. However, the only simple tests of autonomic function available to the practising clinician depend on measurements of cardiovascular reflexes' 2 as investigation of other systems requires elaborate apparatus and is often unpleasant for the patient. In this paper we describe a simple method of quantifying the pupillary light reflex and its application to the diagnosis of autonomic neuropathy.
In 1944 Stern described how persistent oscillations of the pupil could be induced using a slit-lamp.3 A fine pin-point of light was projected through the pupil near the margin of the iris thus stimulating the pupillary light reflex. As the pupil constricted, the iris margin moved towards the centre of the pupil and occluded the beam of light. Because no light now reached the retina, the stimulus for pupillary constriction was removed. The pupil therefore dilated, which re-exposed the retina to the beam of light and re-started the cycle of constriction and dilatation. Miller and Thomson4 improved the technique and demonstrated the stability and repeatability of measurements of the period of the pupillary oscillations, which they dubbed pupil cycle time (PCT). They applied the method, with limited success, to the detection of optic nerve pathology. (fig 1) . In normal subjects this invariably initiates the cycle of constriction and dilatation described in the introduction. The pupillary oscillations are easily observed through the low-power binocular microscope of the slitlamp and the time for 100 cycles of dilatation and constriction can be measured with a hand-held stop-watch. Two 771 Repeatability of the test was established by measuring 20 subjects twice at an interval of between one week and one month. The coefficient of variation of the method was 4 2%. Table 2 and fig 2 show the effects of two doses (0 1 and 0 3 mg) of intravenous atropine on PCT in a normal subject. The doses were too small to produce a rise in heart rate but an immediate lengthening of PCT was apparent. This indicates that the measurement of PCT is very sensitive to minor degrees of parasympathetic blockade. Intraocular homatropine (0 4%) or tropicamide (1%) produced a lengthening of pupil cycle time within the first few minutes. After 10-15 minutes oscillations of the pupil were abolished entirely. Sympathetic blockade by intraocular instillation of guanethidine (4%) had no significant effect on PCT despite a marked degree of miosis. The treatment was continued twice daily for 3 days in one subject but no effect on PCT was observed even at the end of this period.
Sympathetic stimulation by the instillation of phenylephrine (10%) eye drops was without effect on PCT although the amplitude of the pupillary excursions was reduced. The results of pharmacological testing are summarised in table 2.
The diabetics were classified into three groups according to the results of the cardiovascular reflex tests: (a) patients in whom all five tests were normal, (b) patients in whom one or two tests were abnormal and (c) patients in whom three or more tests were abnormal. Mean PCT for these groups became progressively longer as the number of cardiovascular reflex abnormalities increased (see fig 3) . Analysis The association of pupillary abnormalities with autonomic and peripheral nerve dysfunction in diabetics has been demonstrated previously using pupillographic techniques.'0 11 Our intention in this paper is not to reiterate this observation but to draw attention to the iris as an easily observed structure innervated exclusively by the autonomic nervous system and to describe how measurement of PCT provides a simple way of quantifying one aspect of its function. Our investigations suggest that measurement of PCT is particularly sensitive to dysfunction in the parasympathetic efferent limb of the pupillary light reflex arc. We believe that measurement of PCT will provide a useful addition to existing tests of autonomic function, which at present are almost entirely directed towards the measurement 
